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1. Introduction

A major consequence of the realization of supersymmetryS(BUn nature would be the
existence of scalar partner particles of the standard nfedweions. The pair-production of scalar
qguarks (squarks) at the Tevatron can proceed through glsorf or quark annihilation and could
have a significant cross-section for relatively low squadsges.

Large Higgs Yukawa couplings to the third quark generati@uce a strong mixing between
the supersymmetric partners of the two chirality stateheftop (and bottom) quark, which leads
to two physical state$; andf, (andBl, 52), of different mass[]1]. Therefore the lightest scalar top
quarkf; could possibly be much lighter than other squarks. At largleas of taf8 a relatively
light by is also expected.

If kinematically allowed, a squark will predominantly dgcda § — q)?f, leading to a topol-
ogy of two jets and missing transverse energy [2]. In the cdgbe sbottom quark decay the
background can be efficiently suppressed by requiribgar. The two-body stop decaiis— t )?f
andf; — by;" are kinematically forbidden in the accessible parametgioreat the Tevatron. Here,
the most promising searches are based on the loop-inducay le— c? and the three-body
decayf; — bl . The latter might be favored over the deday- bWx? due to the relatively weak
constraint on the sneutrino maggv) > 43.7 GeV [3].

2. Search for Scalar Top Quarksin the Decay t; — cf(f

The CDF and D@ Collaborations have searched for scalar tagkgudecaying intcn:)?f in
approximately 90 pb! of Run | data [k[5]. The CDF collaboration also performed eliprinary
measurement based on 163 plof Run Il data.

Candidate events are selected requiring significant nggsamsverse enerdgr and two re-
constructed jets. The D@ analysis does not attempt to igethié flavor of the jets, whereas the
CDF measurements employ a heavy-flavor tag based on thehiliybthat all the tracks in the
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Figure1: Exclusion limits forf; — C)?f. Left: 95% C.L. exclusion region as function ok andMXf. Right:
Cross-section limitt pair production for assumedxg =40 GeV compared to NLO prediction.
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jet come from the primary vertex. The background fr@vnproduction in association with jets
is suppressed by vetoing events with an isolated leptonerdthckgrounds arg production in
association with jets (witd — vv) and QCD multi-jet production. No excess over standard mode
background has been observed and exclusion limits as adaraftM and M)?i’ have been generi-
cally derived within the minimal supersymmetric extensidihe standard model (MSSM)] [6].

The limits are shown in Fid] 1, left, together with the congaliLEP result[[3]. The sensitivity
of the Tevatron measurements decreases close to the kindimat My = M;(f + M¢ due to the
minimal required transverse energy of the j&sg)(andir. CDF's preliminary Run Il upper cross-
section limits shown in Fig] 1, right, do not provide addit constraints on the stop mass, but
projections based on integrated luminosities up to4 fhdicate sensitivities up thM; ~ 175 GeV
atMgo ~ 100 GeV.

3. Search for Scalar Top Quarksin the Decay t; — bl v

The best sensitivity for stop pair-production with subsagulecay$;, — bl V is obtained in the
eu channel. Its branching ratio is twice as large as foreéher L u channels and the background
from Z and Drell-Yan production is largely reduced.

In Run 11, the only preliminary result so far has been obtdimethe less preferredu channel
using 340 pb?! of data, taken with the D@ experiment. To maximize the siftgitclose to the
kinematic boundary, muons with transverse momenta as lopr §s:) > 8 GeV andpr (L) >
6 GeV for the leading and trailing muon, respectively, areepted. In addition one jet with-tag
andEr > 15GeV is required. After applying &-veto and a two-dimensional cut & and the
angle betweeBt and the leading muon, the background is dominated by topppadgtuction. The
systematic error is dominated by uncertainties in the jetggnscale and thie-tagging efficiency.

The shape of the scalar sum of the jet transverse endrtiies yesEr is used to further
discriminate between tHg signal and the standard modebackground. Cross-section limits are
calculated with the likelihood ratio methofd [7] assumingrarizhing ratioBR(f — bl ¥) = 100%.
By comparing them to next-to-leading order predictionshefgignal cross-section calculated using
Prospino 2[[B], exclusion regions in the plane givenNsyand My are derived (cf. Fig[]2, left).
Compared to previous measurments an additional regiomvaiM (i, V) has been excluded due to
the low muonpy requirements. A significant extension of the exclusionftlimiexpected from a
pending analysis using the preferrga channel.

4. Search for Scalar Bottom Quarksin the Decay b — b)"(f

D@ has searched for sbottom pair-production in 310'alf data taken with a dedicated trigger
designed for topologies with both significdfit and jet activity, which is based on the vector sum
of the jet momenta and acoplanarity.

The signal selection requir@s and two or three reconstructed jets with one tighéag based
on the jet lifetime probability. Events with more than thjets are rejected to minimize background
from top pair-production and a veto on isolatedu, and tracks (originating front decays) is
applied to suppress vector boson production. Backgrowmd @CD multi-jet production has been
shown to vanish for largér. The averag&r and jetEr expected for the signal largely depends on
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Figure2: 95% C.L. exclusion regions for tiig— bl (left) andb — b)"(iJ search (right).

the mass difference of sbottom quark and neutralino. Thezehree sets of cuts on these variables
have been optimized for different assuniégl

As with the stop searches, the result is interpreted in thedéwork of generic MSSM and
a 95% exclusion region in théMB,MXg)—plane is derived, shown in Fif} 2, right. The excluded
region is significantly increased compared to previous mreasents [[3[]4], corresponding to a
gain of approximately 60 GeV in the sbottom mass limit at fik@g.

5. Conclusions

Searches for scalar top and bottom quarks at the Tevatranraw a significantly increased
sensitivity compared to previous results obtained at LE®P Ran I. This has been achieved not
only because of the increased Tevatron luminosity and beergyg but also due to strengthened
heavy-flavor tagging and the ability to loosen the requineiman the lepton momenta. Further
improvements are expected from an anticipated reductidheojet energy scale uncertainty, the
inclusion of additional decay channels, and with the insirgadata set of Run I.

References

[1] J. Ellis and S. Rudaz, Phys. Lett. 128, 248 (1983).

[2] See also: A. Munathese proceedings.

[3] LEP SUSY Work. Grouphtt p: / /| epsusy. web. cern. ch.

[4] CDF Collaboration, T. Affolder et al., Phys. Rev. Le84, 5704 (2000).

[5] D@ Collaboration, V. Abazov et al., Phys. Rev. Lé&8, 011801 (2004).

[6] For areview see: S. Martin, in Kane, G.(ed2gr spectives on supersymmetry 1-98, 1997.
[7] T. Junk, Nucl. Instrum. Methods A34, 435 (1999).

[8] W. Beenakker et. al., Phys. Rev. Le88, 3780 (1999).

348 /4



